Quantification of bacterial species from the highly diverse human gastrointestinal microflora (1,2) is a great technical challenge (3) . Since several diseases are associated with an altered composition of the gastrointestinal microflora (2, 4, 5) , methods for quantification of specific bacterial species or genera are of great importance to monitor the population dynamics within this microbial ecosystem. Various methods for analyzing the composition of complex microbiota have been developed (reviewed in Reference 6) . As most intestinal bacterial species are yet uncultured, quantification by real-time PCR seems to be the method of choice. Real-time PCR allows quantification using SYBR ® Green or probe-based systems, [e.g., TaqMan ® or hybridization/fluorescent resonance emission transfer (FRET) probes] (7). The major advantage of probes is the sequence-specific detection, whereas SYBR Green detection often results in a trade-off between sensitivity and specificity due to detection of unspecific amplification products.
Unfortunately, species-or genusspecific sequences of the 16S rRNA genes required for specific detection of bacteria are very short, thus preventing the use of DNA-based probes. Conventional DNA probes of approximately 20 bp in length are necessary to reach a suitable melting temperature (T m ). Thus, the quantification of speciesspecific bacterial DNA with probes requires species-specific amplification using two primer pairs for comparing two different bacterial species. Quantitative comparison of two PCR amplifications demands tremendous "fine-tuning" due to different PCR efficiencies resulting from varying binding kinetics of the two different primer pairs. Therefore, our aim was to establish an assay to quantify different bacterial species with probes from one 16S rDNA product, generated by one pair of eubacterial-conserved primers. This product spans different species-specific regions, allowing the quantification by individual specific probes. Such an approach using minor groove binding (MGB) TaqMan probes has recently been published (8) . The addition of the minor groove binding peptide to the TaqMan probes resulted in an increased T m , thereby allowing for the design of very short species-specific probes. Alternatively, the incorporation of locked nucleic acid (LNA) oligonucleotides within the probes also results in an increased T m due to their rigid conformational structure (9) . Several applications for LNA technology have been described within the last 2 years, including We demonstrate here that LNAcontaining oligonucleotides can also be used as hybridization/FRET probes for detection and quantification of short species-specific 16S rDNA sequences by real-time PCR. Based on this novel application, we established a sensitive assay for rapid quantification of bacterial 16S rDNA using hybridization/FRET probes containing LNA nucleotides.
The assay is based on the amplification of a 354-bp fragment of the 16S rRNA target gene from eubacterial DNA. DNA was isolated by a conventional phenol/chloroform extraction from human stool samples representating the complex gastrointestinal microbial community. Eubacterial-conserved primers for amplification used were as follows: sense, 5′-CATGGRTGTCGTCAGCTCGTG-3′ and reverse, 5′-TGACGGGCG-GTGTGTACA-3′ (R = A or G, due to variations at this position). The product was detected with eubacterial-conserved hybridization/FRET probes (EuBdonor and EuBacceptor) containing LNA nucleotides: EuBdonor, 5′-ACGTCATCCCC-3′ labeled with fluorescein at the 3′ end and EuBacceptor, 5′-CCTTCCTC-3′ labeled with LC-705 at the 5′ end. The LNA nucleotides are shown in bold. The eubacterial-conserved regions within the 16S rRNA genes for designing primers and probes were chosen according to the analysis of domain-specific 16S primers by Baker and Cowan (sense, pos. 1054-1074; reverse, pos. 1391-1408; EuBdonor, pos. 1184-1194; EuBacceptor, pos. 1174-1182) (16) . The insertion of the respective LNA nucleotides resulted in a T m shift from 33° to 63°C (EuBdonor) and below 26° to 65°C (EuBacceptor) compared to DNA oligonucleotides without LNAs. PCR was performed in a total volume of 20 µL containing 4 µL FastStart DNA Master PLUS hybridization/FRET (Roche Diagnostics GmbH, Mannheim, Germany), 5 µL DNA, 0.25 µM primers, and 0.2 µM probes. Amplification in the LightCycler ® instrument (Roche Diagnostics GmbH) was according to the following parameters: initial denaturation at 95°C for 10 min, 40 cycles of denaturation at 95°C for 0 s, annealing at 60°C for 10 s, and extension at 72°C for 15 s. Fluorescence intensity was determined during each cycle at the end of the annealing step. By performing 10-fold dilution steps of 100 ng target DNA, it could be seen that LNA-containing hybridization/FRET probes are well suited for specific product detection ( Figure 1A) .
To compare this new detection method with a conventional detection method, we performed a similar PCR run with the same primers and template DNA using SYBR Green for detection ( Figure 1B) . A comparison of both assays showed similar results regarding fluorescence generation, demonstrating that LNA-containing oligonucleotides can be applied as hybridization/FRET probes for real-time PCR (Figure 1) . However, cycle threshold (C t ) values were found to be approximately 3.2 cycles lower with the SYBR Green assay, indicating a higher sensitivity of SYBR Green compared to hybridization/FRET probes, most likely due to the fact that a greater number of SYBR Green molecules are incorporated by the product.
To show species-specific detection, we designed LNA/FRET probes specific for the Bacteroides genus as follows: 5′-LC-640-AGCCGACACCT-3′ and 5′-CGTTATGGCACTT-FL-3′. Amplification with the same conditions as described above, and Bacteroidesspecific detection is shown in Figure 2 . Using 10-fold dilutions of Bacteroides thetaiotaomicron DNA yields strong (Figure 2A , lanes 6-10). Successful amplification of all DNAs was confirmed by agarose gel electrophoresis ( Figure 2B ). Taken together, the results demonstrate that LNA-based hybridization/ FRET probes are suitable alternatives to the recently published MGB probes in quantitative real-time PCR of 16S rDNA and extend the potential of using short detection probes with respect to dye chemistry and PCR instruments. Employing LNA oligonucleotides may permit the use of significant shorter probes, as LNA-containing hybridization/FRET probes of 8-11 bp are working as well as MGB probes of 13-18 bp (8) . Furthermore, both assays should be able to discriminate between species that differ in only 1 or 2 bp due to the significant decrease in the T m by either mismatched LNA-containing probes or MGB probes.
